ABSTRACT: Reproductive performance in young beef cows is often compromised due to a mismatch of physiological demands and suboptimal environmental conditions. Studies Days to resumption of estrus after calving decreased linearly (P = 0.02), resulting in an increased pregnancy rate (P = 0.03) with increasing GP. Milk production exhibited a quadratic (P = 0.04) response to increasing GP, with cows fed RUP producing the most amount of milk. However, a linear decrease (P = 0.07) in days from BW nadir to estrus was found with increasing GP. Total kilogram of calf weaned per cow exposed for the supplemental year and subsequent year was increased linearly (P = 0.07) with increased GP. The improvement in pregnancy rate by supplementing RUP + PS resulting in an increase in total revenue of 15.3% compared with CONfed cows and 7.2% compared to RUP-fed cows in the subsequent year after supplementation.
These data suggest feeding young cows additional GP in the form of propionate salts allows for
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INTRODUCTION
Reproductive failure is a primary limitation to production efficiency, which represents the single most important factor reducing net calf crop (Dziuk and Bellows, 1983) . Decreased reproductive success in young beef cows, especially in the Southwestern United States, is largely associated with low forage quality coupled with increased energy demands of the cow (Hawkins et al., 2000) . Glucose requirements, utilization, and synthesis are increased after calving due to the role of glucose in milk lactose and ruminal volatile fatty acid production. This increased demand for glucose is compromised by an inadequate supply of glucogenic precursors deriving from ruminal fermentation, specifically propionate. Therefore, the supply of glucose precursors becomes increasingly important for reproductive competence when forage quality is low (Hawkins et al., 2000) . Knox (1998) reported that young cows fed protein supplements increasing in glucogenic precursors (presumably derived from glucogenic AA) coming from differing amounts of RUP had an 18% increase in pregnancy rates than cows fed a supplement low in RUP. By increasing the glucogenic potential (GP), we hypothesized that nutrients would be partitioned away from lactation, resulting in decreased days to resumption of estrus and improved pregnancy rates. Therefore, the objective of this experiment was to compare pregnancy rate, days to resumption of estrus, calf weight per cow exposed, and assess marginal economic returns as impacted by environmental variations caused by different years and 3
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MATERIALS AND METHODS
All animal handling and experimental procedures were in accordance with guidelines set by the New Mexico State University's Institutional Animal Care and Use Committee.
Study Site. Studies were conducted over 7 yrs at New Mexico State University's Corona Range and Livestock Research Center (CRLRC). Data were compiled from 3 independent studies that spanned from 2000 to 2007 (Waterman et al., 2006 Endecott et al., 2005; Mulliniks, 2008) but with similar designs. Treatments were not applied during 2002 because of severe drought conditions. Average elevation for CRLRC is 1,900 m with an average rainfall of 401 mm (Figure 1) , most of which occurs in July and August (Torell et al., 2008) . Forages at this study site were primarily blue grama (Bouteloua gracilis), threeawns (Aristida spp.), and common wolftail (Lycurus phleoides).
Animals and Supplementation.
Cows were 2-and 3-yr-old (n = 379) that were primarily of Angus breeding with some Hereford influence. Management before calving was similar in all years and among all cows. At least 60 d prior to calving, cows were fed 1.6 kg/cow of a 36% CP cube once per week. Cow/calf pairs were moved to a common pasture within 10 d of calving. In all years, cows were stratified by age and were randomly assigned to experimental treatments by calving date. Initiation of supplementation occurred approximately 10 ± 3 d after parturition for each cow. A 60-d breeding season was utilized in all years and was initiated in early or mid- (Table 1) . Supplements were designed to supply adequate RDP to insure optimal ruminal fermentation and differed by increases in GP to provide: (1) 327 g CP, 109 to 118 g RUP (CON); (2) 327 to 341 g CP, 142 to 157 g RUP (RUP); or (3) 327 g CP, 151 to 173 g RUP + 40 to 100 g of propionate salt (PS) (RUP + PS). Ultimately, total GP for CON, RUP, and RUP+PS were 44 to 47, 57 to 70, and 93 to 141 g, respectively. Supplement RUP+PS was fed in all 7 yr; whereas, CON (2000 CON ( , 2001 CON ( , 2005 CON ( , 2006 CON ( , and 2007 and RUP (2000, 2001, 2003, and 2004) were only fed 5 and 4 yr out of 7, respectively. Glucogenic potential of the supplements was calculated by the equation of Preston and Leng (1987) , where 40% of the RUP is considered glucogenic (Overton et al., 1999) . NutroCAL contains 80% propionate, which has been shown to be 95% glucogenic (Steinhour and Bauman, 1988 Schneider and Hallford (1996) . Serum samples were composited by cow within 3 productive periods: (1) analyzed with productive period as the repeated factor and cow as the subject with compound symmetry as the covariance structure. The model included supplement, rain, period of measurement, and their interactions. Significance was determined at P < 0.10.
RESULTS AND DISCUSSION
Supplementation effects. Body weight and(or) BCS change are considered functional indicators of energy status and reproductive performance after calving (Randel, 1990) . Rutter and Randel (1984) suggested that reproductive success was dependent on postpartum BW change. Cow BW and BCS were similar across all treatments at all measurement times (P > 0.16; Table 2 ). Treatments did not affect BW change, thus any improvement in reproduction was not associated with a difference in BW gain. Cows reached BW nadir at similar (P = 0.59) days postpartum in all supplement groups. However, a linear decrease (P = 0.07) in days from BW nadir to resumption of estrus was found. As GP increased, days from BW nadir to resumption of estrus was reduced. This may be explained by an improved efficiency of nutrient utilization or energy metabolism when feeding young cows increasing GP by increasing glucose clearance rate (Waterman et al., 2006) and acetate clearance rate (Mulliniks, 2008) .
Serum concentration of glucose increased (P = 0.02) linearly with increasing GP in the diet and also decreased (P < 0.01; 55.25, 53.47, 47.45 ± 1.91 for pre-breeding, breeding to end of supplementation, end supplementation to end of breeding, respectively) with advancing physiological periods coinciding with improved forage quality (associated with the onset of monsoonal rainfall). An increase in serum glucose with increasing GP was unexpected due to tight regulation associated with glucose concentrations (Kaneko, 1989) . This increase in glucose concentration suggests that more glucose was available for entry into tissues when RUP and RUP + PS were fed. In contrast, multiple studies have reported a decrease or no increase in serum glucose with feeding increasing levels of glucogenic precursors (Cronje et al., 1991; Vanhatalo et al., 2003) .
A supplement × physiological period interaction (P < 0.01; Figure 3) propionate salts that may allow for excess AA to be used for other protein needs (Waterman et al., 2006) . In general, average SUN concentrations were at or below the optimum level of 10 to 12 mg/100 mL suggested by Hammond et al. (1993) for all 3 supplements.
Twenty four-hour milk production exhibited a quadratic (P = 0.04; Table 2 ) response to increasing consumption of GP. A quadratic response was also observed for milk protein, lactose, solids non-fat, and butterfat (P < 0.05). The additional GP in the RUP supplement appeared to increase milk nutrients compared to CON and RUP + PS. Supplement RUP + PS contained the same amount of RUP as the RUP supplement, but cows fed RUP + PS incorporated a lesser quantity of nutrients into milk production which may have improved the supply for realimentation and reproduction. Appeddu et al. (1997) and Sawyer (2000) reported an increase in 24-h milk production in the RUP-supplemented cows compared to cows fed a low RUP supplement. In contrast, Hunter and Magner (1988) reported that RUP supplements may repartition nutrients away from lactation and towards maternal body growth. The quadratic response on milk production may be explained by the fact that cows fed RUP in our study may not have received enough GP to overcome the effects of insulin insensitivity and passively partitioned nutrients towards lactation. Although milk nutrients differed due to RUP, calf BW at 55-d of age was not influenced by treatment (P = 0.56). Calf 205-d weight exhibited a quadratic response (P = 0.10) with RUP cows having the heaviest weaning weight, which may have been a result of increased nutrients from the RUP fed cows.
Cows fed RUP + PS returned to estrus 5 to 6 d earlier over the 7 yr than cows fed the other supplements. A linear decrease (P = 0.02) in days to resumption of estrus was found with increasing amounts of GP (Table 2 ). This earlier return to estrus increases the probability that conception will occur earlier in the breeding season (Randel, 1990) , which can result in older and heavier calves the following year at weaning. Along with calving earlier the next year, cows will have an increased opportunity to remain in the herd by becoming reproductively competent sooner and cycling before the initiation of the breeding season. Pregnancy rates increased linearly (P = 0.03) with increasing supply of GP in the supplements. A ranch's productivity can be described as pounds of calf weaned per exposed female (Ramsey et al., 2005) . Efficiently increasing total weight of calf weaned per cow exposed to a bull is a crucial criterion for beef cattle producers and is primarily controlled by reproductive efficiency and calf death loss. Feeding young lactating beef cows supplement RUP + PS decreased days to resumption of estrus and increased pregnancy rates providing the opportunity to wean more older and heavier calves the following year. Total weight of calf weaned for the supplemental year and the subsequent year linearly increased (P = 0.07; Table 2 ) with increasing amount of GP fed.
Rainfall effects. Yearly rainfall above average or below average did not influence pregnancy rates (P = 0.56; Table 3 ), days to resumption of estrus (P = 0.37), days to BW nadir (P = 0.55), or cow BW (P = 0.27). However, cows in the below average rainfall years did gain more weight from BW nadir to weaning (P = 0.07) compared to cows in the above average years. Cows in the below average years had a higher BCS at weaning than cows in the above average years (P = 0.07). This increase in weight gain and fat deposition in the below average years may have contributed to the similar reproductive performance between the two different rainfall patterns. Calf 55-d and 205-d weights and 24-h milk production and milk components were not different among the two levels of rainfall (P > 0.22). Serum metabolites (glucose, insulin, NEFA, and SUN) were not influenced by amount of rainfall (P > 0.13). The lack of detectable differences between the 2 rainfall amounts for reproduction and serum metabolites may be due to the lack of major differences observed with year ( Figure 1 ) and across year (Figure 2 ).
Economic
Analysis. An evaluation of potential revenue from three 100-cow herds was conducted with a 2-yr partial budget of the 3 postpartum supplements using the results from 2000 to 2007 (Table 4) had an increase in net revenue in yr 2 of 15.3% compared to CON-fed cows and 7.2% compared to RUP-fed cows. This increase in revenue is the sum of an increase in pregnancy rates and to a lesser extent a decrease in days to first estrus which offset the higher postpartum feed costs for the year. The increase in revenue did not account for income from cull cows or the cost of developing additional heifers to replace culled open cows. A sensitivity analysis was conducted on the second year of the economic data. With the given production assumption, costs of supplement can increase up to $1.09 and $1.71/cow/d for RUP and RUP + PS, respectively, and still generate the same revenue as the CON supplement.
In conclusion, an increase in pregnancy rates for cows fed propionate salts offset the greater cost of the supplement by increasing calf crop the following year which increased marginal revenue compared to predicted net revenues derived from cows fed the other supplements in this study. Furthermore, cow longevity may also be improved by decreasing days to first estrus, 
